Fusarium graminearum Schwabe, the anamorph of Gibberella zeae (Schw.) Petch is the principal head blight pathogen of wheat (Triticum aestivum L.) in Canada (15) . It constrains yield and results in shrivelled kernels, reducing the value of the crop. Under conditions not yet defined, the mycotoxin deoxynivalenol ([DON] vomitoxin; 3a, 7a,15-trihydroxy-12,13-epoxytrichothec-9-en-8-one) is produced, which in concentrations greater than 2 ,ug/g makes the grain unfit for food or feed (11) .
Wheat heads are thought to be most susceptible to F. graminearum at anthesis as the pollen stimulates Fusarium growth (2) but infection can occur earlier. Susceptibility declines with time, especially after the soft dough stage (15) . Other results (10) indicate that the degree of resistance at various stages of development varies with cultivars. One cultivar may be most susceptible at the flowering stage, others at the milk or soft dough stages. Infection, mainly by ascospores and less commonly by macroconidia, is favored by warmth and persistent surface wetness. Symptoms, which may appear within 2 days of infection or up to several weeks later, are blighted florets or spikelets (rarely an entire ear) and pink mold. Later in the season perithecia may appear as raised black spots.
Toxin production follows fungal growth in the plant (6, 7; J. D. Miller and J. C. Young, submitted for publication). DON is one of the best known Fusarium mycotoxins found in wheat in Ontario, Canada, but little is known of factors influencing its occurrence and accumulation (6, 7, 15 (13) .
Although control measures for head blight have been proposed for many years, data supporting their effectiveness are rare. Boewe (1) proposed plowing in residues of host crops, rotation to avoid planting wheat after corn (Zea mays * Corresponding author. L.), another host, and treating seed to kill spores on seed surfaces. Wiese (17) suggested that some cultivars are infected less frequently than others because of physical barriers to floret and spikelet infection and that chemical seed treatments are a partial deterrent. Fungicides applied to newly emerged heads are effective controls but may not be economical. Martin and Johnston (4), in a controlled study, found that the fungicide propiconazole applied to foliage and heads reduced head blight severity. Cook (2) concluded from a literature review that maximal burial of host crop residues is probably useful in blight control since inoculum is released only on the infested residue left on the soil surface. Only Martin and Johnston presented data supporting the effectiveness of the proposed control measures. Sutton (15) pointed out that an integrated view of head blight must be constructed from many independent studies of epidemiological components. The present study, carried out in 1984, was designed to contribute field-derived data for an integrated view of head blight and DON and to establish measures for the reduction of F. graminearum incidence and DON concentrations in wheat.
In the preliminary study in Lambton County, Ontario (16), blight incidence was lower where wheat was planted after soybeans or small grains rather than after corn, where nitrogen and phosphorus fertilization were adequate, and where weed density was low. DON concentrations declined considerably during the 11 days before harvest (13) .
MATERIALS AND METHODS
This study included three counties in Ontario, several treatments, and the effect of cultural practices, major soil nutrients, and pH on DON concentration before and at harvest.
In Lambton and Middlesex Counties silage corn often precedes winter wheat, and producers vary in their crop management, providing an opportunity to compare several management features. In Essex County few management practices can be compared because most producers follow similar management practices. Little silage corn is grown, providing less opportunity for winter wheat to follow corn. Grain corn is usually harvested too late to permit winter wheat to follow it. Most producers follow a rotation of grain corn, soybeans, and winter wheat. Land is disced or cultivated after soybeans, and the recommended nitrogen fertilizer levels are applied by using ammonium nitrate. Almost all seed is treated with Vitaflo 280 (carbathiin plus thiram; Uniroyal Chemical, Elmira, Ontario). Weed control is generally good, with weeds appearing mainly where the wheat stand is thin.
Head blight incidence was estimated in 43 fields in Lambton County and Middlesex County on 27 June, about 2 weeks after anthesis and again in 29 of these fields on 4 July, whereas in Essex County 18 fields were surveyed on 2 July.
Each field was divided into nine equal areas and samples of about 11,111 heads were observed in each area for a total of ca. 100,000 heads per field. The length of a row of wheat containing the required number of heads was estimated by counting the number of heads in several meters and calculating the number of meters required. The required row lengths were than approximated by pacing. (12) . The grain was ground, and a 50-g subsample was used for analysis.
The data were analyzed as a model II (14) , using a logl0 (x + 1) transformation. In comparing treatment means, except nitrogen levels, data from fields where corn was the previous crop was analyzed separately because of the overwhelming "corn effect". Blight difference at different nitrogen levels in the same field were compared by paired t tests, and nonpaired t tests were used in testing the significance of other observed differences. Correlations and regressions were calculated for blight incidence and DON versus soil phosphorus, potassium, and pH for the three counties combined. In all tests of significance, the maximum acceptable probability of error was 5%.
RESULTS AND DISCUSSION
In Lambton and Middlesex Counties, blight incidence had increased from the first set of observations on 27 June to the second set of observations on 4 July in fields planted after corn, but in other fields it had not. The 4 July data was used for all comparisons except normal versus extra nitrogen, because more of the fields with the nitrogen comparisons were included in the 27 June count. Table 1 Where corn was the previous crop, there was significantly more blight and higher DON concentration than when the previous crop was soybeans, barley, or mixed grains for the three counties combined (P < 0.01). In Lambton in 1983 the incidence of head blight on wheat after corn was 6 times greater (P < 0.05) than after other crops (18). Plowing after corn. Ten fields of wheat in Lambton and Middlesex which were planted after corn but in which the corn residues were not plowed in had 370 blighted heads per 105 heads compared to 17 for the three fields in which the corn residues were plowed in. The difference was statistically significant (P < 0.05). Plowing buries the inoculumbearing debris, subjects it to microbial degradation, and thus lowers the chance for inoculum dispersal (1, 2, 17) . None of the wheat from plowed fields was sampled for DON concentration.
Nitrogen. There was no significant difference in head blight incidence attributable to normal versus extra nitrogen fertilizer levels. As in 1983 (16) , urea appeared to be asso- ciated with lower blight incidence than ammonium nitrate, but in neither year were there significant differences. Soil tests. Correlations and regressions for soil test phosporus, potassium, and pH with blight frequency and DON concentration were calculated for the three counties combined. None were significant. In 1983, fields with soils high in phosphorus had fewer blighted heads (16) .
Seed treatment. Vitaflo 280 treatment of wheat seed planted after corn was effective (P < 0.05) in reducing the amount of fusarium head blight. The mean count of 10 fields sown with treated seed was 91, compared to a mean count of 144 for three fields where seed was not treated.
Other diseases. Wheat fields with more than trace amounts of powdery mildew (Erysiphe graminis D.C. ex Merat) and leaf rust (Puccinia recondita Rob. ex Desm.F sp. tritici), as in 1983, did not have significantly more head blight than fields without these diseases. The severity of these diseases was determined by the incidences of patches of white fungal growth and orange-red uredial pustules, respectively. Among the fields selected for DON analysis there were too few fields with other diseases to permit a comparison between fields with these diseases versus fields without these diseases.
Herbicides and weed density. Herbicide use did not affect blight incidence for wheat after crops other than corn, and no comparison was possible for wheat after corn because only one of these fields was treated with herbicide.
Weed density, mainly dicotyledons, did not significantly affect blight incidence, in contrast to 1983 when more blight was observed in weedy fields containing quackgrass Cultivars. Several fields had two or three cultivars growing side by side, and in no instance did these cultivars differ greatly in the mean number of blighted heads or DON concentration.
Relationship between blight and DON concentration. DON concentration was correlated (r = 0.79, 20 df, P < 0.001) with head blight, in contrast with an earlier study (4) in which it was not. It has been reported (5, 9) that there is a widely varying potential for DON production in field isolates. In fields where isolates have high DON production potential, there could be little blight with abundant DON. Under such circumstances the desirability of treatment with a foliar fungicide might not be apparent and control of DON would be impeded.
Conclusions. Planting wheat after corn increases the incidence of head blight and DON concentration more than any other factor studied. Plowing under corn stover before planting wheat and treating wheat seed with Vitaflo 280 was associated with less blight. None of the other cultural practices studied or soil test parameters were shown to affect head blight or DON concentration.
